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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracks 
appearing from extending to an element region at the 
time of dicing. 

SOLUTION: Using a blade 40 which is narrower in width 
than the width W of a processed region E between 
electrodes of devices, an electrode 7 of each device is 
diced to 15jj.m depth in the surface of a sapphire 
substrate 1, along a dicing line 20 set at the center of 
the processed region E to form a separating recess 1 6. 
At that time, in a region G between the side face 40 a of 
the blade 40 and a side wall 81 of an electrode formation 
region A, a first contact layer 63, a second contact layer 
62, a p-type layer 61, a light-emitting layer 5, and an n- 
type layer 4 exist. Therefore, the stress concentrates on 
a cross line B, between the electrode formation region A 
and the side wall 81 which forms an L shape with the 
electrode formation region A, and a crack C appearing at 
the time of dicing is formed toward the cross line B. As 
a result, the crack C does not extend to the electrode 

formation region A or under and electrode 8, thereby inhibiting to block a current channel of the 
electrode 8 by the crack C. 




LEGAL STATUS 

[Date of request for examination] 20.06.2000 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 

the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 3239774 

[Date of registration] 1 2.1 0.2001 



[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



d9) B^m^ff ( j p) 



(a) dDumwm&m** 

#P 5 PlO-98212 

(43) 0 ¥/&10^(l998) 4 n 14 0 



(51) Int. CI. 

H01L 33/00 
21/301 
HOIS 3/18 



F I 

H01L 33/00 
HOIS 3/18 
H01L 21/78 



V 
Q 



PSit* iM^§4 FD (±71) 



(21) 1 

(22) fcHHf3 



Wig2p8-271628 
¥/*8^(l996) 9,3 20 0 



(71) tHRA 000241463 

s*pmw# 0 0 wr**«^s«i 1 

HPcM# 0 #igp# 0 nr*^*£^*ffl 1 

(72) «iPi# W JWf 

®*qmw# 0 0 ffT *#=Ht^#=**W l 

(72) mm^ ±n 



(54) imw<D%m 3mmk#o*m»&ytm*<DmiR&mjj& 



(57) [KM] 

t£l <D$tJEA*b 1 5 Mm(OSl^T^ v-^^L, ftffi. 
®16$:Mt5o /l/-K4 0(Z)lffi4 0a 

^>^^M63, $23y^^hl62, PJ16 1, 
l*l5Mni4^t5 0 J:ot, 

ctt^w$«Bi:ifi]^otM*ns 0 roes, ^ 

3>*C A, Sot, «H8 0TSl5f-tifi: 




( 2 ) 



4*BB¥l 0-98212 



izBf& s ^fifties* i cofemm tft45S2 <DBm^e^7jk 
"t-s?2«£&wu ^tih^m^zmmtm^m^x 

«fc t> b*l^«H-eWIE» l 1 MMZMtit 

U 

is*** 3 ] Htjism i ■^*r-*-a««ffl?fi8ffi«sr«m 

zm&m 1 xi^m^m 2 kse«o 3 mmtm^mw^yt 
[0001] 

[0002] 

«l±{-n^3, 4^)fcl5i:pi6K 62, 63 
fc*. US*, aiLt, ^3tg5 4: pi61, 6 2, 6 
3 4 nil 4 co— «fl£|&5feLTnJB3 0— 
:o«liiL)i:tttiJWAl:n|3, 4 <£>fc 
8<£r7gfiRU pf6 3co±ffit:^(7)pl6 1, 6 2, 6 



f ^^ljS*Si:LT, M¥5-3 4 3 7 4 2^ 

^TfcnJB3£:BtB£-fc!\ tfcfc, *0}RmLfc;&DXfg« 
E<Oni3Sft77^7SSUT^U- K4 0W 

[0 0 0 3] 

Stfi, n I 3 ^ t ^OliffM«A ^ / K 4 0 (I 
^n«3^j8aiL^^Xffi«E^*5V^T, ^JDX^ 2 0 
S^^XgKjfcV^T, yi/- K4 Ot-^^tHl^^CD 

[0 0 0 5] 

*»4»ftS*2 0fiai»S:^i-fR2»t**U *r*l 

[0 0 0 6] Mf3fc«2 0>36WWu ^-»^s, ^2 

[0 0 0 7] B3R«3©«Wfl, Illi^t^lli 
^rl^^, »*»t»2JB4 03B*««<oj||H*rt>ra«Ffc 



3 

t^^Ica^u— K£rffl^T, ^eco^u— Kcopj«Hc« 

[0008] mi&&4<Dmwte, mmz-y-^T^T ti, 

[0 0 0 9 J 

[0 0 1 0J f»*S2©^TU ^^>^S:SfiW 20 
J; 5 KLT^So .tot, 

[ooi i j §it*js 3 ft i m^M-r^mmm 

M:^LtP5 0 iot, TV- K<O*0X««i:38 

mzxitm tmmt tm^mt\c^xnt>ti^ r 

&*kcx^z> Q n&ixi (Damtmm^ ^(D&m<Dtz 40 

s:i#t?*s. J; or, * 9 y ^^m«?fMffi^±(c 
M1~?>B&mmsk£tiZ><DX\ JBSfi^BO^^Jbu 

[0012] m#m4<D&wtt:mi&i:-y-7 7'(Tb 



) WBH 5 ? 1 0- 9 8 2 1 2 

4 

[0013] 

0 AOA1N (Z)/^777i2^«^ixt^5 0 :? 
7r^2co±{d(i N !B/?#*j2.o ^m, mT-g^2 xio 18 

/cm 3 CO>-y =>K— ^GaN ^b^5nl3 ffl&lgOfB 
IS) ^JF^^ttr^^o -tLT, tB«8«r««1--6« 
H^Mi^A^(^V^fdn^3 0±^fi. Kgfc, flgff#fc. 
0 ^rn, a^fflS2X10 l8 /cm 3 C9v'y = V K— ^C0(A1. B 
Ga,- aa ),iIn.- yS N ^^nl|4 1 
fi) , KJ¥#*jO. 3 /zm, ift(Zn)RU«'>!l3yK^ 
(Al, i Gai > m ) y i Ini . y i N ^Dfijc6Ml5, MUftl. 0 
/zm, ^»ft5 XIO 1 7 /cm 3 , -^*S/£-k»fil X 
/cm' <D^y*is$J* K— ^OCAl, 2 Gai - , 2 ) y 2 Ini - y 2 
N H«5pi6 1 (»2i) , ^m, 
^»S5 XIO 1 7 /cm 3 , ^^v">^Jgl X 10 2 0 /cm 3 O 

2 (121) , filff#*j500 A, ^-/Ujgg 2 XIO 1 7 /c 
m 3 , "r^*^^A»flF2 X 10 2 0 /cm 3 Ov^v'r)AK- 
^(7)GaN 3&>fert5»l = >^^ h§6 3 (f 21) j&Sjg 
«^llt^5 0 

[0014] * Lt , Slny^ni63 K««1--5 
mffi 7 t njf 3 ^ItBIt*fc§f««A±(Clg 
8«^tlt^-5 a li7(if 1 = f>jf6 3± 

— 6 0ACM^^(Au)^f)^-5i7 l£r 

i: Lr^tg-T^if:^ 1 . 5 fi mCO^(Au)^P>fi8;Sji 7 3 

[0 0 15] X, «S8il, nJB3fC»^-f-SJ»*1.5 
n rri<DT^*-VMkl)frhi&%mxmj&&tlX^% 0 

[0016] »CfC, r ©«JftO»3ty>f t-KlO c7)M 
at^ffitco^TBiWrSo ±E»3ty>r^— Kl Ofi, 

#«A«Yk-&ft*ffirii*«fe( i^T tmovpe j kte-t) 

3)3) (J^T TTMG j <b|E*T) ^hy^f/ur/Knr)^ 
(A1(CH 3 ) 3 ) (^T Ttmaj irffi-f) Hy/f;K^ 
^^(In(CH3) 3 ) (JL^T TTMI j irfSi") «h , v?if/l/M 
i&(C 2 H5) 2 Zn (J^T TDEZ j tBE"T) fc 5/9 XSiH, ) 4: 
o^v^^^yu^^v/^^( M g(c 5 H 5 )2) (J^T 

rcp 2 M g j tteir) -efcSo 

[0 0 1 7] if, ^«**XVJRft.a^J:i9ife*Lfe 
affiSriffit-rS¥*£S^f-7r-f TStEl ^movpe 

ffim S:«Eit2 liter/^T*R^^(C«L^^f>^SllO0 

[0 0 18] ?Sfe{C, ?U^^r 400°C^rfST$ii-r, H2^ 



( 4 

5 

20 liter/# N NH, ftlO liter/;9\ TMA ft 1.8X10" 5 
^^/^t«Lt, A1N 0^7 7712/)^ 500 ACO 

50°Ct^SL, N.XfaH, ft201iter/;#, NH 3 ft lOlite 
r/$J\ TMG ftl. 12X10" 4 H= J; 9 0. 86p 

pm $ n/c >7 VftlO X 10" 9 ^e/u/^^f i^r^ 

AU R/¥**J2.2 mhi. m^-^S 2 X 10 1 Vcm 3 <7» y 

[0 0 19] ±1EOn*3«r»/*Lfc«. 
r^fTiSl <D^Sft850 °CiC{£^U N 2 ;KfaH 2 ftlO 1 10 
iter/ fa NH 3 ft 101iter/4h TMG ftl. 12X io~ 4 

TMA ftO. 47X10" 4 ^/U/£\ TMI ftO. 1 XIO" 4 ^- 
>^/5K H2#*M«fc DO. 86ppm fC^f^Hfcv-^ftlO 
XlO-^/U/^OfJ^T^AL, KJRft0.5 jam, m& 
1 X10 18 /cm 3 (7»y =r> K— ^(Alo. 4 7 Gao. S3 )o. ,In 
0.1N ^5>*Sni4*»«Lfc. 

[0 0 2 0] if^T, r&^ft850 < Cte««rU N 2 XiaH, 
ft20 liter/:«\ NR> ft 101iter/£\ TMG ftl. 53X10 
'^/W^ TMA ftO. 47X10" 4 ^EvIx/^ TMI ftO. 02 X 
10" 4 */U/fa DEZ ft2.0 X10" 4 ^r/ls/ftRXftiztfXfc 20 
J: 9 0. 86ppm ^#iR$ti7tv-^>ftlOX10" y ^/UX^-C 
30#P^A U JRJ¥#JO. 3 M m^MpHZn) t is V = V(S 
i) K— ^(Alo. 3 Ga 0 . 7)0. .4 Ino. 06 N A>e>J5K-53g*JI 5 
Sr»SKLfco r<0»3fe/B5lc*5W-5ffi»(Zn)t^y a > 
(Si)(7)MS{i, 5X10 18 /cm 3 -efe^) o 
[0 0 2 1 ] j^T, j&«SrllO(rt:tc:«»U, N s X«Wt 
ft20 liter/£\ NH3 ft 101iter/$}\ TMG ftl. 12X10 
"'^Evl'/ih TMA ftO. 47X10" 4 ^/W/53\ TMI ftO. 1 X 
l0" 4 ^/u/;9\ &l>\ CP 2 Mg ft2 X10" 4 ^/U/^A 
U BWftU.O M m^Y^V^(Mg) K—^tZ) (Al 30 
0. 4 7 Gao. 5 3)0. 9 Ino. ,N ;5>£>J#;5 p|61 ft7f£/£L£: 0 
Pl6 X 10 2 0 /cm 3 -Cfe^) o 

-^i-Cfj:, PS6U1 J&tt^lO 8 QcmJ^_h 

So ?Ugft850 °C«£»U N 2 Xfi 

H 2 ft20 liter/£\ NH 3 ft 101iter/5J\ TMG ftl. 12X 
10" 4 ^/U/£\ &0\ CP 2 Mg ft 2X10~ 4 ^r;U/ft(Dm^ 
-e3*AU Kff#*JO. 2 mn^^v/^(Mg) k-/o 
GaN 25^fiS5l2 3^^ 2«r*fifcLfc 0 S2 = 

hl6 2<Z)^*>'*.A(£>jftgja 1 X 10 2 °/cm 3 
£>3 0 :©ttlr*fi, ^2 a^** hJl6 2fa, 40 
JgJa^lO 8 QcmJ^icoteiRflc^fcSo l^t^ ?&^ft85 
0 tfcfitf^U N 2 3mH 2 ft20 liter/^ NH 3 ft lOlit 
er/^h TMG ft 1. 12 X 10 4 t/U/fa &£>\ CP 2 Mg ft 4 
xio- 4 ^/u/^#j^-e*AL, KJ¥#*j500 
v-^(Mg) K— ^OGaN ^^^M63 

S fa 2xio 20 /cm 3 r^^ 0 fn^y^ 

hJ!6 3fa, jgfet^lO 8 Qcm«±C0*ft»«c-e*> 

-So 

[0 0 2 2] 4 5 0U'4 5^Mlt'5:<[: 50 



) M¥l 0- 9 8 2 1 2 

6 

9, Sl^y^^M63, ^2^^^M62 

& p Jl 6 ua. *iv«x, /i^SS 2xio 17 /cm 3 , 

5X10 ,7 /cm 3 , 5X10 17 /cm\ Jgfei^ 2Qcm, 0.8 Qc 
m, 0.8 QcmOpfiWffl^Wfrifcofco Z<D£?{CL 

[0 0 2 3] Hi h/I 6 3 CO±{C N 

fc N ^<7>Si0 2 /i_tfc:7;*- h l/^ hft^Lfc 0 

^ h y y^77ia 9, iiny^^M63i 

[0 0 2 4] 7^- M/^ hfC^oTSfrtlT^ 

ft v^sia s ft ^ y ^- > l fe 0 

2, pS6l N Ml5Mn|4^ K^g0.04Tor 
r, ffiJi^m^0.44W/cm 2 , BC1, ft 10 ml/^OflJ-g- 

i/LfCo rcox^tviJ: 9, m 1 fc^-r J: 5 nii3(D 

s^ffM^Aoj^Hfa, mi, g]2^-rj;5fc s ^ 

1^>^^M63 X ^2^y^^hi62, pf6 

[0 0 2 5] ^lny^^hg 6 3±(C3»oTV^ 

* l a y ^ ^ m 6 3 <Z)*I-«lcawtSi 
LT, m$6 0 A^>A(Au)^e>fiKS»7 lWfiSU: 0 
-eco^, /fyf^y^VK^lt, 5 ^ m CD 

^(Au)^7 3 ^MUCc 

[0 0 2 6] — ^ N nS3(7)tS8i:U, ffSl.5 u 
mCDT/U^ -r>A(Al)^b^cS@ft^L?to 

sft 4 ^ it, m 4 i-^-r^3fe^-r k 1 0^2 ^tcib 
[0028] m^, mw^-rv^^zo^te^x, & 

E©Bw«t K4 0 ^f^t, ^ryy 

l, ii3ic^-rj;9(-^sf^i e&m&Ltco z(Dm, 

m2{Z^-f£ 0 [C y 7'l/-K4 0^ftlI4 0ailSI 
/Sfl^ACDftlJIt 8 1 tOB^««GlCfa, ^1 
hS63, 12 =0?? hM6 2 N pl61, ^TtS 5 
Mnl4^#fif6 0 J;oT, ^^(iliMWA 
i:L*JBtfcjc:firKSix^fli«8 l t <OSa»B 



( 5 

7 

[0029] msiz^-rxoiz^ &m&i 6<d^^ 

[0 0 3 0] Ikl^ §3(^fJ;9{:, t77-Y7lg 

[0 0 3 1] roJ:5«-»«*nfc«5t^^-— Kl 0 
«3tc:*|"rsiiffi8^SEttlgJn:fii 0" 5 QcmWT-efeo 

[0032] S2 3Sffi0flKo^Tsfcip!-i-5o rco 
^JfiW-Cfi, IDS, D6{c^-rj: 3{d, n Ji3tc*f-rs 

11 7 OTffl^S ^S*3t««D(Dj^fflfC nl3 jjsata L 

v'>^^H5*DX^J8cEfC^l M6 3, g| 

2ny^^M62, P16 1, I*l5Mni4^ 

[0 0 3 3] roj: 5(c»«Lfe«, i5(OTtJ;3 

E<D**teR3g$;h,fc*V V 2 0 r , 

0 6 d^ihj; 5 ic, ^DXfflSEEcoiBwj: 19 t»5V^<^^ 
^K4 0^^t, ^yy^7^2 0i:fpStt 
7 7>fri«lWgIH 1 5 MmOi^W^ 30 

^ U B 7 (c^i-J; 5 izftmm 1 6 Lfc. 
[0 0 3 4] 0 6 tc^-rj: 3 fc, ^nx^M«E{c 

*5^T, yi/-K4 0Offli4 0 a> 4 0bilW 
mWcA(DMM8 la, 81b «?: O^n^ttCO^CO^^G 
1, G2ICI1 Sl^>^^hl63, ^2=>*^ h 
162, pl6U Ml5Mnl4^af§ 0 
[0 0 3 5] £oT, j£*liSS^g«A«i:L^« 
lc£K£*bfc«JS8 la, 8 1b irO^rtl^O^B 
1, B 2^*tpi"5r £tc&9, 

K4 0 (nmm^m^ & ? 7 y ? ctez-<D&m&^fafr 40 
[oo3 6] («, iiMM, m2mMM^$ortz>mx. 

M62, P S6 1, 3B*»5Xt5nJi4 3ftS»*-tn-€ 
tiO^iUcG, fgtKG 1 , G 2 0>ffifcfc, 2Mm-40 M m 50 



0-9 8 2 1 2 

8 

[0037] ^m<omatA», m.&ttte±mmMmxnz 

3*Lfcfc^lcHS*ttSto-eiift< % 2tc, 3tc, 4 
tcfi, t77^r©t, sic t>T**So 

[0E5<affi¥fttftiK] 

[hi] *&w<DmimMM<DftM%m&^i-fr&<D¥ 

[12] $5imMM<nftm%fe<nxM&^Llz$=.^<D 

[HI 3] »l**«©»«lirjfeOXS*^Lfe^3:^<Z) 

[hi 4] mimmMnm&nzmfizztitcftyt^ 

[0 5] »2llffi0iJtC^>5^Bt*-ffi*^-ry u ci?)6O^ 
[0 7] ^2HJS0iJ^^gt*feOX5g^Lfcr>3C^O 

jeb»®0 o 

[0 8] «*©»|li*»©xaSr^L^:^3i>'>W2pa!*f 

[0 9 1 tS^O^IIt^fecDXaSr^Lfe^JiyN^EffiW 
®HIo 

[ff*OR«] 

l 0-553t*V:*h- K 

i -iJ-^T'f rgfi 

2- /V771 

3- nf 
4 •■■ n g 
5 

7, s—fifii 

1 5-7^7^77^V 

i 6-»«rs( 

2 

3 0 -f>x/N 

4 0 - -^U— K 

4 0 a, 4 0 h '-Ju— K^ftlJ® 
6 1-pi 

6 2-12^7^ hm 

6 3-si ^ hm 

7 1 -&Jg 
7 3 



8 

a- -mm 

B— 



( 6 ) 



WBS¥l 0-982 
10 



1] 



[B2] 





7ZZZ 



A 



X 





40a 

aZ 7 81 * | 7 81 81 E 



r 




[[213] 



[04] 



71 Au 

63 GaM (Mg-daped S) 
62 GaN (Mg-coped <£) 
61 p-(AI,,Sai-. 3 ),ln,_, 2 M(M8-doped) 
5 (AloGa,-.,),,ln,- y1 N<Zh,$i-doped) 
c Ga,-,,) rS ln,- y2 N{Si -doped) 




( 7 ) 



ftmw- 1 o 




